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a  b  s  t  r  a  c  t
Essential  thrombocythemia  (ET),  a chronic  myeloproliferative  disease,  is  characterized  by an  increased
number  of  platelets  and  risk of vascular  thrombosis.  A case  of a  patient  treated  for  ET  who  had  acute
myocardial  infarction  (MI)  and  reinfarction  within  a  month  is  presented.  A 55-year-old  male  patient  was
hospitalized  because  of subacute  inferolateral  non-ST-segment-elevation  MI, without  risk  factors  for
cardiovascular  diseases.  The  patient  has  been  treated  for  ET for the  past  8 years,  received  anagrelide  for
the past  two years.  The  ﬁrst  coronary-angiography  did  not  detect  signiﬁcant  stenosis  of epicardial  vessels;
the  patient  was  discharged  in stable  condition  with  anagrelide  therapy.  Two  weeks  later,  the  patient  had
an acute  anterolateral  ST-segment-elevation  MI.  Primary  percutaneous  coronary  intervention  showed
thrombus in the  distal  part  of  the left anterior  descending  coronary  artery.  Percutaneous  transluminal
coronary  angioplasty  was  performed  and eptiﬁbatide  was  administered  after the  procedure.  There  was no
residual  stenosis,  prescribed  therapy  included  clopidogrel  and  low-molecular-weight  heparin.  Anagrelide
therapy  was  replaced  with  hydroxyurea  (HU)  and acetylsalicylic  acid  (ASA).  It is  necessary  to treat  ET  in
line  with  the standard  treatment  protocol  for coronary  diseases.  In  the  treatment  of high-risk  hematology
patients  anagrelide  proved  to be a worse  option  than  the  combination  of  HU and  ASA.
<Learning  objective:  It is  known  that the  myeloproliferative  disorders  carry the risk of  vascular  throm-
bosis  and  myocardial  infarction.  The  occurrence  of  vascular  events  is  usually  the  ﬁrst  sign  of  the  disease.
A  case  of a patient  with  history  of  hematological  disease,  who  was  receiving  active  treatment  and  was
well-regulated  with  oral  medication,  is presented  here.  Various  approaches  to treatment  of  such  patients
are  possible  and  treatment  decision-making  is important  for  clinicians.  Therefore,  this  article  presents
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Essential thrombocythemia (ET) is a chronic myeloprolifera-
ive disease characterized by thrombocytosis with a bone marrow
egakaryocyte hyperplasia and increased risk of vascular events,
rterial and/or venous [1]. This heterogeneous group of diseases
lso includes polycythemia vera, idiopathic myeloﬁbrosis, and
hronic myelogeneous leukemia [2]. Transition from one disor-
er to another is possible. Acquired mutation in JAK2 gene is
iscovered in a high proportion in patients with Philadelphia chro-
osome negative myeloproliferative disease, which provides a
olecular basis for integration of these entities [3–6]. ET affects the
atient’s quality of life more than their survival and thus has more
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favorable prognosis than other myeloproliferative disorders [7].
The challenge in treating ET is prevention of bleeding and throm-
bosis without increasing the risk of complications, such as paradox
thrombosis, hemorrhage, or the progression of the disease into
myeloﬁbrosis or acute leukemia.
A case of a 55-year-old male patient suffering from ET for the
past eight years is presented in this article. He received anagrelide
therapy for the past two years. Despite active treatment, he has
had acute myocardial infarction and reinfarction within one month.
The aim of this article is to put greater emphasis on the problem of
treating such patients.
Case reportA 55-year-old male patient was  hospitalized in the coronary
care unit because of subacute non-ST segment elevation myocardial
infarction (NSTEMI). There was  no family history of cardiovascular
vier Ltd. All rights reserved.


















































Fig. 1. (a) Normal angiogram of left anterior descending artery (LAD) and left cir-
cumﬂex artery after ﬁrst myocardial infarction and (b) distal occlusion of LAD duringI. Bosˇnjak et al. / Journal of C
iseases and no major risk factors (hypertension, diabetes mellitus,
yslipidemia, smoking) for development of cardiovascular diseases
n the patient’s medical history. The patient has suffered from ET for
he past eight years. During the ﬁrst six years he was  treated with
ydroxyurea (HU) and acetylsalicylic acid (ASA). This therapy was
iscontinued and replaced with anagrelide, while the patient com-
lained of itching of the palms, which was suspected to be related
o the previous therapy. Electrocardiogram showed ischemia of
he inferolateral wall of the myocardium. Table 1 presents labo-
atory characteristics of the patient. Calculated Grace Score was
0.6 with 3% probability of dying from admission to six months
fter the discharge from hospital. In consultation with the hema-
ologist, the patient was treated with anagrelide but without ASA,
ow weight molecular heparin (LWMH), angiotensin-converting
nzyme inhibitor (ACEI), statin, omega-3-acid, and long-acting
itrates. The coronary angiography did not detect any signiﬁ-
ant stenosis of major epicardial vessels (Fig. 1a). The patient was
ischarged from hospital in a stable condition with blood concen-
ration of platelets of 706 × 109/L. Two weeks after the discharge,
he patient was hospitalized again because of acute anterolateral
T-segment elevation myocardial infarction (STEMI). A primary
ercutaneous coronary intervention (PPCI) was done and thrombus
as found in the distal part of the left descending coronary artery
LAD) (Fig. 1b). Percutaneous transluminal coronary angioplasty
PTCA) was then performed to open the blocked coronary artery
nd to restore arterial blood ﬂow to the heart tissue. There was  no
esidual stenosis of the target coronary artery and no indication for
tent implantation. Infusion of eptiﬁbatide was also administered.
o major complication occurred after the intervention. Echocar-
iographic ﬁndings after both coronary incidents indicated proper
eft ventricular ejection fraction with diastolic dysfunction of the
rst degree. The therapy included clopidogrel, ACEI, statin, omega-
-acyd, LWMH,  and trimetazidim. Anagrelide was  replaced with
U and ASA. Beta blocker was not given, as the patient had a low
eart rate frequency.
iscussion
ET is the most common among chronic myeloproliferative
onoclonal neoplasms [8]. The disease appears at all ages and
s prevalent in women [9]. Most patients are asymptomatic at
resentation. Vascular events are the most common clinical man-
festation of the disease and arterial thromboses are more often
han venous [10–12]. Acute coronary syndrome occurs in 9.4% of
atients with essential thrombocytosis [13]. Smoking and hyper-
ension are the risk factors for ischemic arterial complications
able 1
aboratory characteristic.
RBC 3.76 × 1012/L (4.34–5.72 × 1012/L), Hb 114 g/L (138–175 g/L), Hct 0.337
(0.415–0.530)
WBC  15.5 × 109/L (3.4–9.7 × 109/L)
Plts 840 × 109/L (158–424 × 109/L)
PT 1.18 1 (0.70–1.27 1), APTT 0.97 (0.8–1.2), TT 15.8 s (14–21 s), BT 0.07 s
(0.06–0.24 s), protein C 1.40 (0.69–1.56), vWF  0.72 1 (0.50–1.50 1),
thrombocyte aggregation to ristocetin 2 U (90–201 U), LAC 1.27 aCL screen,
anti-2GPI negative, JAK2 mutation negative
TnI 88.000 g/L (0.000–0.056 g/L), CK 1247 U/L (0–177 U/L), CK-MB 123 U/L
(0–24 U/L)
Na 134 mmol/L (137–146 mmol/L), K 4.3 mmol/L (3.9–5.1 mmol/L), urea
5.4 mmol/L (2.8–8.3 mmol/L), creatinine 78 mol/L (42–80 mol/L)
LDH 224 U/L (130–241 U/L), cholesterol 3.03 mmol/L (<5 mmol/L), LDL-C
1.19 mmol/L (<3 mmol/L), HDL-C 0.92 mmol/L (>1 mmol/L), triglyceride
2.03 mmol/L (<1.7 mmol/L)
BC, red blood cell; Hb, hemoglobin; Hct, hematocrit; WBC, white blood cell; Plts,
latelets; PT, prothrombin time; APTT, activated partial thromboplastin time; TT,
hrombotic time; BT, bleeding time; vWF, von Wilebrand factor; LAC, lupus antico-
gulant; aCL, anticardiolipin; anti-2GPI, anti-beta2 glycoprotein I.second myocardial infarction.
in patients with essential thrombocytosis [14]. The pathogenesis
of thrombosis in ET has not been clariﬁed. Along with smoking
and hypertension, advanced age and previous history of throm-
bosis are the most important factors for vascular manifestation
in ET [8,10,15]. There is no correlation between platelet blood
level and the risk of thrombosis [16]. The possible importance of
leukocytes and JAK2 mutation in development of thrombosis in
monoclonal neoplasm has been researched in many studies [7,17].
The results of these studies tend to support a contributory role of
higher leukocyte counts and JAK2 mutation status and allele bur-
den for development of thrombosis [16]. Leukocytes in ET patients
have an activated phenotype with increased phagocytosis, overex-
pression of the membrane CD11b antigen and leukocyte alkaline
phosphatase, and increased plasmatic and cellular elastase content
[18]. Overexpression of monocyte tissue factor, currently consid-
ered the main trigger of the coagulation cascade in vivo, has been
demonstrated in ET patients with thrombosis, and an increased
number of platelets expressing P-selectin has also been found. The
link between leukocyte and platelet activation and thrombosis in
ET has been conﬁrmed by the ﬁnding of increased concentrations of
markers for coagulation and endothelial activation in patients with
increased blood cell activation [18,19]. A vascular event represents
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uality of life more than their survival rate. Prognostic stratiﬁcation
f ET must be dictated by the patients’ risk of developing such com-
lications and therefore the treatment goal should be to prevent
hrombosis and bleeding without increasing the risk of transfor-
ation of the disease [20]. Recent diagnostic criteria for ET have
owered the platelet threshold from 600 × 109/L to 450 × 109/L [15].
 risk-adapted treatment strategy is an option in the choice of ther-
py. Bearing in mind the possible complications in patients who
uffer from ET (thrombotic events or hemorrhage), there are a few
rugs available for treatment. A young, asymptomatic patient with
 platelet count of less than 1500 × 109/L should be considered at a
ow risk of thrombosis and hemorrhagic events, and does not need
ytoreductive drugs, only ASA [12,21]. By contrast, advanced age of
0 years or more, a history of serious bleeding or thrombosis, or a
latelet level over 1500 × 109/L, are indications for cytoreductive
rugs [21]. The myelosuppressive agent of choice in patients who
uffer from ET and have risk of vascular thrombosis or bleeding is
U [19]. This drug was found to be effective in reducing the inci-
ence of thrombosis [22]. The biggest concern is whether HU carries
he risk of development of leukemia. There is no strong scientiﬁc
vidence for this, but the putative risk of leukemia associated with
U prompted researchers to test some new drugs that lack this
otential, such as anagrelide. Anagrelide is an imidazoquinazoline
erivate that reduces the platelet count in ET [23]. It selectively
nhibits maturation of megakaryocytes, with either minimal or no
ffect on the other blood cell precursors. This might be a solution to
ur problem, and it may  explain why this patient had a myocardial
nfarction twice. Furthermore, according to the results obtained by
arrison and colleagues, HU plus ASA therapy was  superior to ana-
relide plus ASA in patients with ET at high risk of vascular events
24]. Their trial showed that control of platelet count alone should
ot be taken as an appropriate surrogate end point to judge the efﬁ-
iency of treatment for ET. There were more vascular events in the
roup of patients with anagrelide therapy, despite a reduction in the
latelet count that was similar in the HU group. A likely explanation
or this ﬁnding is the myelosuppressive effect of HU which affects
hrombocytes, leukocytes, and erythrocytes [25]. Anagrelide and
SA act synergistically, which increases the risk of bleeding com-
lications due to inhibited platelet function when these two drugs
re administered simultaneously. However, the combination of HU
nd ASA does not have such an effect. A similar result was  obtained
n a patient treated with HU and ASA because of polycythemia vera
26]. Evolution into myeloﬁbrosis is a part of the natural history of
T and it occurs in about 3% of patients after 5 years, in 8% after
0 years, and in 15% after 15 years of the illness [27]. The study by
arrison et al. showed that progression to myleoﬁbrosis was  about
hree times as frequent in the anagrelide group as it was  in the
U group. Transformation into acute leukemia was  similar in both
roups [28].
Treatment of a myocardial infarction as a manifestation of ET
s a great challenge for clinicians. There are some important facts
o be considered in treatment decision-making. Mechanical open-
ng of a blood vessel–by angioplasty, aspiration, or stent placement
oes not present a problem, but there is a question of choos-
ng adequate antiaggregation therapy for treatment of MI,  but
lso of ET. The gold standard in long-term treatment of acute
oronary syndrome is a dual antiplatelet therapy (DAT) with clo-
iodgrel and ASA [29]. ASA is not the optimal choice in patients
ho were treated with anagrelide due to increased risk of hem-
rrhage. By substituting anagrelide with HU, the treatment is
ptimized. PPCI is still the best option in treatment of acute MI
 opening of the occluded blood vessel. When catheterization lab-
ratory is not available, administration of a ﬁbrinolytic therapy is
n alternative. Introduction of unfractionated or LMWH  and glyco-
rotein IIb/IIIa receptor inhibitors are also recommended therapies
29].
[ogy Cases 8 (2013) 168–171
Conclusion
The treatment of patients with ET and myocardial infarction
includes PPCI, elective PCI, emergency coronary artery bypass graft,
or infusion of ﬁbrinolytic agent. The treatment of myocardial infarc-
tion based on myeloproliferative monoclonal diseases requires
special consideration. Standard protocol of treatment for acute
coronary syndrome is effective in most cases, but we must know
that it is crucial to treat the underlying disease as well. According
to new data, the combination of HU and ASA provides the greatest
beneﬁt for the patients with ET and myocardial infarction. There
is much less bleeding and fewer vascular events, and progression
to myeloﬁbrosis and leukemia in the HU/ASA group is lower than
in the anagrelide group. However, there is no simple answer to the
question of how to treat patients with ET and myocardial infarction.
There are insufﬁcient data on the most appropriate way  of treating
these patients, which requires further studies with a larger number
of patients.
References
[1] Dameshek W.  Some speculations on the myeloproliferative syndromes. Blood
1951;6:372–5.
[2] Schafer A. Thrombocytosis. N Engl J Med  2004;350:1211–9.
[3] Kralovics R, Passamonti F, Buser AS, Teo SS, Tiedt R, Passweg JR, Tichelli A,
Cazzola M,  Skoda RC. Gain-of-function mutation of JAK2 in myeloproliferative
disorders. N Engl J Med  2005;352:1779–90.
[4] Baxter EJ, Scott LM,  Campbell PJ, East C, Fourouclas N, Swanton S, Vassiliou GS,
Bench AJ, Boyd EM,  Curtin N, Scott MA,  Erber WN,  Green AR, Cancer Genome
Project. Acquired mutation of the tyrosine kinase JAK2 in human myeloproli-
ferative disorders. Lancet 2005;365:1054–61.
[5] James C, Ugo V, Le Couédic JP, Staerk J, Delhommeau F, Lacout C, Garc¸ on
L,  Raslova H, Berger R, Bennaceur-Griscelli A, Villeval JL, Constantinescu SN,
Casadevall N, Vainchenker W.  A unique clonal JAK2 mutation leading to con-
stitutive signaling causes polycythaemia vera. Nature 2005;434:1144–8.
[6] Levine RL, Wadleigh M, Cools J, Ebert BL, Wernig G, Huntly BJ, Boggon TJ,
Wlodarska I, Clark JJ, Moore S, Adelsperger J, Koo S, Lee JC, Gabriel S, Mercher
T,  et al. Activating mutation in the tyrosine kinase JAK2 in polycythemia vera,
essential thrombocythemia and myeloid metaplasia with myeloﬁbrosis. Cancer
Cell  2005;7:387–97.
[7] Cervantes F, Passamonti F, Barosi G. Life expectancy and prognostic fac-
tors in classic BCR/ABL-negative myeloproliferative disorders. Leukemia
2008;22:905–14.
[8] Girodon F, Bonicelli G, Schaeffer C, Mounier M,  Carillo S, Lafon I, Carli PM,
Janoray I, Ferrant E, Maynadié M.  Signiﬁcant increase in the apparent inci-
dence of essential thrombocythemia related to new WHO  diagnostic criteria:
a  population-based study. Haematologica 2009;94:865–9.
[9] Cortelazzo S, Viero P, Finazzi G, D’Emilio A, Rodeghiero F, Barbui T. Incidence
and risk factors for thrombotic complications in a historical cohort of 100
patients with essential thrombocythemia. J Clin Oncol 1990;8:556.
10] Passamonti F, Rumi E, Arcaini L, Boveri E, Elena C, Pietra D, Boggi S, Astori C,
Bernasconi P, Varettoni M,  Brusamolino E, Pascutto C, Lazzarino M.  Prognostic
factor for thrombosis, myeloﬁbrosis and leukemia in essential thrombocytosis:
a  study of 605 patients. Haematologica 2008;93:1645–51.
11] Besses C, Cervantes F, Pereira A, Florensa L, Solé F, Hernández-Boluda JC, Woess-
ner S, Sans-Sabrafen J, Rozman C, Montserrat E. Major vascular complications
in essential thrombocytemia: a study of the predictive factors in a series of 148
patients. Leukaemia 1999;13:150–4.
12] Carobbio A, Finazzi G, Antonioli E, Vannucchi AM,  Barosi G, Ruggeri M,
Rodeghiero F, Delaini F, Rambaldi A, Barbui T. Hydroxyurea in essential throm-
bocytemia: rate and clinical relevance of responses by European LeukemiaNet
criteria. Blood 2010;116:1051–5.
13] Rossi C, Randi ML,  Zerbinati P, Rinaldi V, Girolami A. Acute coronary disease in
essential thrombocytemia and polycytemia vera. J Intern Med  1998;244:49–53.
14] Tekin M,  Gökasalan S, Diker E, Aydog˘du. Development of acute coronary syn-
drome in three patients with essential thrombocythemia or polycythemia vera.
Arch Turk Soc Cardiol 2008;36:35–8.
15] Tefferi A, Thiele J, Orazi A, Kvasnicka HM,  Barbui T, Hanson CA, Barosi G,  Ver-
stovsek S, Birgegard G, Mesa R, Reilly JT, Gisslinger H, Vannucchi AM,  Cervantes
F,  Finazzi G, et al. Proposals and rationale for revision of the World Health Orga-
nization diagnostic criteria for polycythemia vera, essential thrombocythemia,
and primary myeloﬁbrosis: Recommendations from an ad hoc international
expert panel. Blood 2007;110:1092–7.
16] Cervantes F. Management of essential thrombocythemia. Hematology Am Soc
Hematol Educ Program 2011;2011:215–21.17] De Stefano V, Za T, Rossi E, Vannucchi AM,  Ruggeri M,  Elli E, Micò C, Tieghi A, Cac-
ciola RR, Santoro C, Gerli G, Guglielmelli P, Pieri L, Scognamiglio F, Rodeghiero
F,  et al. Leukocytosis is a risk factor for recurrent arterial thrombosis in young













[I. Bosˇnjak et al. / Journal of C
18] Falanga A, Marchetti M,  Vignoli A, Balducci D, Russo L, Guerini V, Barbui T.
V617F JAK-2 mutation in patients with essential thrombocythemia: relation
to  platelet, granulocyte, and plasma hemostatic and inﬂammatory molecules.
Exp Hematol 2007;35:702–11.
19] Barbui T, Finazzi G. When and how to treat essential thrombocythemia. N Engl
J  Med  2005;353:85–6.
20] Arellano-Rodrigo E, Alvarez-Larrán A, Reverter JC, Colomer D, Villamor N, Bel-
losillo B, Cervantes F. Platelet turnover, coagulation factors and soluble markers
of platelet and endothelial activation in essential thrombocythemia: relation-
ship with thrombosis occurrence and JAK2 V617F allele burden. Am J Hematol
2009;84:102–8.
21] Barbui T, Barosi G, Birgegard G, Cervantes F, Finazzi G, Griesshammer M,
Harrison C, Hasselbach HC, Hehlmann R, Hoffman R, Kiladjian JJ, Kröger N,
Mesa R, McMullin MF,  Pardanani A, et al. Philadelphia-negative clas-
sical myeloproliferative neoplasms: critical concepts and management
recommendations from European LeukemiaNet. J Clin Oncol 2011;29:
761–70.
22] Cortelazzo S, Finazzi G, Ruggeri M,  Vestri O, Galli M,  Rodeghiero F, Barbui T.
Hydroxyurea for patients with essential thrombocythemia and a high risk of
thrombosis. N Engl J Med  1995;332:1132–6.
23] Anagrelide Study Group. Anagrelide, a therapy for thrombocythemic states:
experience in 577 patients. Am J Med  1992;92:69–76.
24] Harrison CN, Campbell PJ, Buck G, Wheatley K, East CL, Bareford D,
Wilkins BS, van der Walt JD, Reilly JT, Grigg AP, Revell P, Woodcock BE, Green
[ogy Cases 8 (2013) 168–171 171
AR, United Kingdom Medical Research Council Primary Thrombocythemia 1
Study. Hydroxyurea compared with anagrelide in high-risk essential thrombo-
cythemia. N Engl J Med  2005;353:33–45.
25] Falanga A, Marchetti M,  Evangelista V, Vignoli A, Licini M, Balicco M, Man-
arini S, Finazzi G, Cerletti C, Barbui T. Polymorphonuclear leukocyte activation
and hemostasis in patients with essential thrombocythemia and polycythemia
vera. Blood 2000;96:4261–6.
26] Landolﬁ R, Marchioli R, Kutti J, Gisslinger H, Tognoni G, Patrono C, Barbui T,
European Collaboration on Low-Dose Aspirin in Polycythemia Vera Investiga-
tors. Efﬁcacy and safety of low-dose aspirin in polycythemia vera. N Engl J Med
2004;350:114–24.
27] Cervantes F, Alvarez-Larran A, Talarn C, Gomez M, Montserrat E. Myeloﬁbro-
sis  with myeloid metaplasia following essential thrombocythaemia: acturial
probability, presenting characteristics and evolution in a series of 195 patients.
Br  J Haemtol 2002;118:786–90.
28] Finazzi G, Caruso V, Marchioli R, Capnist G, Chisesi T, Finelli C, Gugliotta L,
Landolﬁ R, Kutti J, Gisslinger H, Marilus R, Patrono C, Pogliani EM,  Randi ML, Vil-
legas A, et al. Acute leukemia in polycythemia vera: an analysis of 1638 patients
enrolled in a prospective observational study. Blood 2005;105:2664–70.29] The task force on the management of ST-segment elevation acute myocardial
infarction of the European Society of Cardiology (ESC). Acute myocardial infarc-
tion in patients presenting with ST-segment elevation (Management of). ESC
Clinical Practice Guidelines. http://www.escardio.org/GUIDELINES-SURVEYS/
ESC-GUIDELINES/Pages/acs-st-segment-elevation.aspx
